The interrelationships between hypertension and obesity, two common and major health hazards, are reviewed. Comparisons of simultaneous intra-arterial and cuff blood pressure measurements indicate in general that the association between blood pressure and body weight is real and independent of arm circumference. Hypertension is more common among the obese than among the nonobese and, conversely, a significant proportion of hypertensive persons in the population are overweight. Obese hypertensive subjects experience a greater risk of coronary heart disease than the nonobese, and mortality rates for obese hypertensive persons are higher than for those with obesity alone or hypertension alone. Weight reduction has been shown to lower blood pressure, and it may bring about a more favorable prognosis in obese hypertensive persons. Possible mechanisms that may be responsible for the frequent association between obesity and hypertension have been discussed. Irrespective of the underlying pathophysiologic mechanisms, the adverse metabolic and hemodynamic effects of obesity upon hypertension impose an extra burden and strain on the circulatory system and compromise its functional adequacy. Although it is not precisely known to what extent weight reduction alone may be effective in controlling or preventing the lesser degrees of hypertension, the control of obesity should be an intrinsic part of any therapeutic or preventive antihypertensive regimen.
Hypertension
Hemodynamic effects Weight reduction Prognosis ditions suggests that there is a causal relation between them so that weight gain constitutes one kind of environmental stress that brings a genetic predisposition toward hypertension into the open. A parallel situation exists in the case of diabetes, which may sometimes be controlled by weight reduction, implying that, conversely, overeating can precipitate it.
To prevent coronary heart disease, there must be a constant search for environmental factors that may be modified to delay the onset and progression of atherosclerosis and its consequences. The present review attempts to summarize some of the key evidence that links hypertension and obesity and to provide a scientific basis for the belief that weight control is likely to be an important ingredient of any program for the control of hypertension in the community and in individual patients.
Prevalence of Overweight and Hypertension In the United States about 30% of men and 40% of women over the age of 30 are 20% or more above "desirable weight" as defined in the tables published by the 69) were 20% or more in excess of "average weight" (for height and age). 4 The difference in the percentage of persons 20% overweight by one of these standards depends obviously on the definition of overweight and the standard used.
Weight is gained more frequently at certain ages or physiological periods. In women, this is most likely after the completion of growthabout age 20, during pregnancy, and after the menopause.5 Men tend to gain weight between the ages of 25 and 40 years.6 It has been shown that persons overweight as children, teenagers, or young adults are likely to remain or become more overweight throughout life. ' Overweight, as defined above, is the ratio of actual weight to average or desirable weight (specific for age, sex, height, and body build).4 An individual may be overweight on account of musculature or bony structure rather than excess fat, so that overweight and obesity are not necessarily synonymous. Average weight tables In this section, three questions will be discussed: (1) relation coefficient between systolic blood pressure and relative weight at ages 30 to 59 was 0.3 for both sexes. 27 In an extensive Scandinavian study,28 the blood pressure difference between those 20% underweight and those 20% overweight averaged 16.9 mm Hg for systolic and 9 mm Hg for diastolic pressure (11,063 men and 3,721 women, age 20 to 60). In another large study by Boe and his colleagues,29 in Norway, among 67,976 adult men and women, there was an increase in systolic and diastolic pressure of 3 and 2 mm Hg, respectively, for a 10 kg increase in body weight.
The relationship between blood pressure and body weight has been shown to be greater in women, 26, 33, 34 in those with a family history of obesity and hypertension,35 36 in the extremely obese,33 37 38 and in those less than 60 years old.21 22 27 Systolic blood pressure shows a greater association with body weight than diastolic pressure.35 39 Higher blood pressure was found in nonsmokers than smokers who are less heavy. 40 In other studies, hypertensive patients were heavier than normotensive controls.41 42 In addition, relative weight was correlated significantly with the prevalence of hypertensive retinopathy,41 as well as cardiovascular complication in hypertensive patients." 41 Blood pressure has been shown to correlate with the ponderal index43 and skin fold thickness.27 Both Whyte2' and Kannel and his associates27 have noted blood pressure to be more strongly and primarily correlated with body weight rather than body fat and concluded that the correlation with body fat is a secondary phenomenon due to the association between weight and degree of fatness.
It is of interest that in at least one population in which hypertension and obesity are both very common, no correlation between the two variables was found; these findings from a study among American Negroes in South Carolina,30 remain to be explained and confirmed by other investigations. In the Evans County (Georgia) study, blood pressure was found to be higher in Negro women, but not in men with higher body weight.3' Miall and 2) Family history of obesity and hypertension 3 5, 3 6 also were noted to increase with body weight.37 38 Clinical studies are highly selective. The difference between these studies and the life insurance company experience may be due to the fact that the actuarial study dealt with blood pressures in the range from 140 to 160/ 90 to 100 mm Hg, whereas blood pressures in the clinical investigations were higher. Blood pressures over 160j100 mm Hg apparently overshadow the effect of overweight on mortality and the course of severe hypertensive disease may be altered but little by weight reduction.83 92 However, in individuals with a moderate degree of blood pressure elevation associated with overweight, weight reduction may significantly change the course of the disease. Obese persons who are able to reduce their weight comprise a relatively small and selected proportion of the total group. Nevertheless, data from the Build and Blood Pressure Study4 indicate a lowering of the mortality ratio among such men; there were too few women in the series for analysis. Among those called "moderately obese" (averaging 25% overweight), the mortality ratio was 109% in those who lost weight, as compared with a ratio of 128% in the total group; the corresponding figures in the "markedly obese" (averaging 35 to 40% overweight) were 96% and 151%, respectively.
It is difficult to extrapolate these findings to what might be the effect of weight reduction in the population at large. For this reason, there is a great need for documenting the potential benefits of weight loss among the obese and obese hypertensive subjects by means of further study. However, the converging evidence from a large variety of sources summarized in this review strongly suggests that the impact of weight reduction in the general population would be very considerable and lessen appreciably the burden of mortality and also morbidity from cardiovascular diseases.
